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Specification 

1. Title of the Invention 

5 A method for removing nitrogen oxides from an exhaust 
gas 

2. Scope of Claim 

10 A method for removing nitrogen oxides from an exhaust 
gas, said method being characterized in that an oxygen- 
containing hydrocarbon is added to the exhaust gas and 
at least part of the. nitrogen dioxide in the exhaust 
gas reduced to nitrogen monoxide (NO) , after which 

15 contact is effected with a catalyst and the nitrogen 
oxides decomposed into nitrogen and water by means of 
ammonia. 

3. Detailed Description of the Invention 

20 

(Industrial Field of Application) 

The present invention relates to a method for 
eliminating the nitrogen oxides in an exhaust gas so as 
25 to render them harmless. 

(Prior Art) 

Known methods for rendering harmless the nitrogen 
30 oxides (just referred to as NOx below) present in the 
exhaust gases from oil- and coal-fired boilers, the 
combustion furnaces installed in various types of 
chemical equipment, steel-making- plant, and internal 
combustion engines such as diesel engines or turbines 
35 include adsorption methods, oxidative adsorption 
methods, solidification and trapping methods, and 
catalytic reduction methods, etc. Amongst these, the 
catalytic reduction methods, which, do not require a 



- 3 - 

post-treatment,- are outstanding both economically, and 
technically. 



Of the catalytic reduction methods, the selective 
5 catalytic reduction methods which are not affected by 
the presence or absence of oxygen in the exhaust gas 
both simplify the denitrating process and are 
technically excellent. In one known such .method 
ammonia is added and catalytic - reduction carried . out, 
10 ' so that the NOx in the exhaust gas is decomposed into 
harmless nitrogen and water. 

The NOx which is the subject of removal in the present 
invention is the combined amount of NO and N0 2 , and the 

15 present inventors, have carried out a detailed study of 
the reaction between NO and N0 3 over a titanium' oxide 
catalyst, and the reactions between NH 3 ' and gaseous 
mixtures of NO and N0 2 , or between NH 3 and N0 2 , as a 
result of which' they have found that the reduction 

20 reaction of the NOx by the NH 3 in the selective, 
catalytic reduction method in which NH 3 serves as a 
reducing agent proceeds by . the following equations (1) 
• to (3). 

25 4NO + 4NH 3 + 0 2 4N 2 + 6H 2 0 ... (1) 

NO + N0 2 + 2NH 3 -» 2N 2 + 3H 2 0 ... (2) 



30 



6N0 2 + 8NH 3 



7N 2 



12H 2 0 



(3) 



of the NOx removal 
slightly raised when 
in the case where the 



However, while the efficiency 
represented by equation (2)' is 
compared to that in equation (1) 
NO/N0 2 mole ratio in the mixed gas is >1.0, in the case 
where the NO/N0 2 mole ratio is <1 . 0 there is a gradual 
lowering in efficiency as the NO/N0 2 ratio becomes 
smaller, and for N0 2 alone which is the case shown by 
equation (3) there is found to be a marked lowering. 
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■ Figure 1 shows in the. form of a graph the percentage 
denitration for mixed NO-N0 2 systems. 

' Thus, in the prior art there has been -the disadvantage 
. 5 that the NOx removal efficiency is considerably lowered 
either in the case where the NO/N0 2 mole ratio is below 
1.0 or in the' case of N0 2 alone. ■ 

(Problem to be Solved by' the Invention) 

13 

The present invention has been ' made in order to 
overcome the disadvantages associated with conventional 
methods for the elimination of the nitrogen oxides in 
an. exhaust gas, and in particular to try and provide a 
15 . method for nitrogen oxide removal from an exhaust gas 
which enables a high level' of elimination to be 
maintained even in cases where the NO/N0 2 mole ratio is 
less than 1.0. 

20 (Means for Solving the Problem) 

The present invention is a method for removing nitrogen 
oxides from an exhaust gas, where said method is 
characterized in that an oxygen-containing hydrocarbon 

25 is added to the exhaust gas and at least part of the 
nitrogen dioxide in the exhaust gas reduced to nitrogen 
monoxide ■' (NO) , after which the nitrogen oxides are 
decomposed into nitrogen and water by means of ammonia 
by contact with a catalyst. 

30 

Reference to an oxygen-containing hydrocarbon here 
denotes methanol, formic acid, formaldehyde or the 
like. 

35 Moreover, providing it is a denitration catalyst used 
for catalytic reduction by means of ammonia, any 
catalyst can be used irrespective of its type or form. 



(Action) 



In the first stage of the elimination of the nitrogen 
oxides based on the present invention, it is thought 
5 that a reduction reaction proceeds. as follows. 

CH3OH +' 3N0 2 -> 3N0 + C0 2 + 2H 2 0 ... (4) 

HCOOH + N0 2 ~> NO + C0 2 + H 2 0 ... (5) 

10 

. HCHO + 2N0 2 -* 2NO + . C0 2 + H 2 0 ... (6) 

As a result, the nitrogen oxide N0/N0 2 mole ratio in 
the gas is raised, so that, it is the catalytic 
15 reduction reactions with ammonia represented by 
equations (1) and .(2) above which proceed primarily, 
and a high elimination factor is obtained as shown in 
. Figure 1 . : ■ 

20 (Example 1) 

In this example, a comparison is made between the 
percentage NOx elimination in the case of the reaction 
between N0 2 and NH 3 , and that in the case of the 
25 reaction between NH 3 and the gas produced by adding an 
oxygen-containing- hydrocarbon to the N0 2 so that a part 
of the said N0 2 is reduced to NO. 

20 ml of a TiO 2 -V 2 0 5 catalyst' (Ti0 2 = 95.0%, V 2 0 5 = 5.0%) 
30 was packed into a quartz reaction tube of internal 
diameter 16.5 mm and, with the additive and then" the 
NH 3 injected into the sample gas in that order, the NOx 
concentrations at the reaction tube inlet and outlet 
were measured by means of a chemiluminescence analyser 
35 under the. conditions shown in Table 1, and the 
percentage NOx elimination determined. 

The N0 2 , S0 2 , 0 2 , C0 2 and N 2 in Table 1 were supplied 
from standard cylinders, and the remaining CH 3 OH, HCOOH 
40 ' or HCHO was respectively supplied to the reaction -tube 



by passing a fixed amount of N 2 as a carrier gas into a 
gas-washing bottle fitted .with a glass filter and 
filled with an aqueous solution of one of these 
maintained at a specified temperature, so that there 
5 was carried over an amount thereof corresponding to the 
vapour pressure at the particular temperature. The 
values for the CH 3 OH, HCOOH and HCHO in Table 2 are the 
values calculated from the vapour pressures. The 
results obtained are shown in Table 2. Comparative 
10 results, are' also included for the case where no 
additive was employed, and for the case where CO or CH 4 
was added. 

As will be clear from the experimental results in Table 
15 2, when an oxygen-containing hydrocarbon was added and 
a reduction treatment carried out beforehand, the NOx 
removal level was about 90%, whereas when no such 
reduction treatment was carried out only a very low NOx 
removal level was obtained. Furthermore, only similar 
20 results were obtained in the case where CO or CH 4 was 
added instead. 



amount of catalyst 


20 ml • 


gas flow rate 


400 Nl/hr 


temperature 


250°C, 300°C, 350°C 


NH 3 /NOx ratio ■ 


1.00 


gas 

composition 


N0 2 


97.0 ppm 


NO 


3 . 0 ppm 


0 2 


15.0% 


C0 2 


10.0% 


H 2 0 


10.0%. 


N 2 


balance 


additive 


CH3OH 




HCOOH 




HCHO 





Temperature (°C) 


Additive 


(ppm) 


NOx Removai (%) 


250 




29.3 


300 




31.0 


350 




33.4 


250 


CH 3 OH : 


100 


88.2 


250 


HCHO : 


100 


88.0 


250 


HCOOH : 


71 


88. 9 


300' 


HCOOH : 


70 - 


90.2 


350 


HCOOH : 


72 


90:5 


250 


CO : 


100 


25.5 


300 


CO : 


100 


31.5 


250 


CH 4 : 


100 


28.5 



(Example 2) 

In this example, testing was. carried out in the same 
way as in Example 1 using a" Ti02~W0 3 -V 2 0 5 catalyst (Ti0 2 
'= 89.5%, W0 3 = 10.0%, V 2 0 5 = 0.5%) with a' reaction gas 
containing sulphur oxides. The experimental conditions 
are shown in Table 3 and the results are given in Table 



amount of catalyst 


■ 20 ml 


gas flow rate 


400 Nl/hr 


temperature 


250°C, 300°C, 350°C 


NHa/NOx- ratio 


1.00 


gas 

composition 


N0 2 


97.0 ppm 


NO 


3 . 0 ppm 


SOx 


100 ppm 


0 2 


4.0% 


C0 2 


10.0% 


H 2 0 ' 


10. 0% 


N 2 


balance 


additive 


CH3OH 




HCOOH 




HCHO 





Table 4 Experimental Results 



Temperature (°C) 


Additive (ppm) 


NOx Removal (%) 


250 


- .. 


24.0 


300 


- 


26.3 


350 




27.8 


350 


CH 3 OH : 100 


89.0 


350 


HCHO. : 100 


88.5 


■ 250 


HCOOH : 70 


63.5 


300 


HCOOH : 7 0 


84.0 


350 


HCOOH : 70 ■ 


89. 5 



(Effects of the Invention) 

5 The present invention has the structure described above 
and, by means thereof, it is possible to obtain a high 
percentage elimination of the nitrogen oxides in an 
exhaust gas in which the greater part of the nitrogen 
oxide is in the form of nitrogen dioxide, irrespective 
10 of whether or not oxides of sulphur are also present. 

4. Brief Explanation of the Drawings 

Figure 1 is a. graph showing the percentage denitration 
15 of mixed NO-N0 2 systems. 
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